Abstract-This paper proposes a hybrid system which consists of a photovoltaic panel, wind turbine, proton exchange membrane fuel cell (PEMFC), electrolyzer, super capacitor, power convertor and a three-phase variation load. The load supplied is based on the photovoltaic panel and wind turbine, while the fuel cells are back-up for compensating possible power load shortage. The surplus of power produced will be stored in a hydrogen tank by an electrolyzer system when the PV panel and wind turbine produce more power than required. The capacitor banks are used in parallel with other sources in order to reduce DC bus variation. Matlab software is chosen for the hybrid system simulation.
INTRODUCTION
Renewable energy sources are known to support system hydrogen generation. Therefore, the newly developed idea is the ability to supply the load without any compensation by the wind turbine or PV panels solus in offing. Although photovoltaic panels are used as popular renewable energy sources, two major problems they encounter depending on power production are with solar irradiation and surplus energy storage. These problems can be solved by using other renewable energy sources and storage systems such as electrolyzer, hydrogen storage tank, fuel cell, super capacitor and battery [1] . Due to high efficiency, fast response, flexibility and modular structures, a combination of super capacitor with fuel cell is the best choice for a hybrid system that uses photovoltaic panels and wind turbine. Moreover, this paper presents an IG wind turbine that does not use AC/DC or DC/AC converter on the IG side. Therefore, the economic justification is IG and doubly-fed induction generator (DFIG) low cost, and there is no conversion system. Fig.1 shows system source arrangement. The proposed hybrid system has an IG wind turbine, a photovoltaic panel, fuel cell, electrolyzer system, a hydrogen storage tank and power converters. The IG wind turbine connects to the AC bus without a convertor and Photovoltaic system uses of an MPPT connected to the DC/DC converter and DC bus. The electrolyzer system as a DC load during power generation for AC load is higher than that of consumption. In this condition, surplus energy will be stored in a hydrogen tank after conversion to hydrogen by the electrolyzer. Moreover, the super capacitor plays the role of compensator to reduce voltage fluctuations. The voltage-current and current-power characteristics have the important role of receiving maximum power in photovoltaic systems. In this paper, an array of thirteen series and five parallel rows of PV is presented. Fig.3 shows the voltagecurrent and voltage-power characteristics in a photovoltaic system [1] . It should be noted that to achieve the best wind turbine performance, wind speed limitation is a requirement. Therefore, this limitation is controlled by active pitch control, and passive and active stall control [7] .
II. SYSTEM DESCRIPTION

D. Electrolyzer modeling:
If the electricity current passes two electrodes separated by water electrolyte the result is water breaking up into hydrogen and oxygen. This process can be described as follows [8] : Fig.6 shows the simulated electrolyzer circuit. It should be noted that in this simulation the electrolyzer is used as a cooling system to maintain constant temperature. The control block diagram of the hybrid system is shown in Fig.8 . The maximum power produced by the solar cell, wind turbine, and fuel cell are 10kW, 25kW and 18kW, respectively. For more accurate and better analysis of the system, both static and dynamic investigation was performed in the 10-second and 24-hour systems.
A. Static study of the system: In this paper, numerous variations in wind speed were investigated throughout a day. Moreover, the high variation in customer active and reactive power demand can be seen in Figures 9 & 10. The following equation describes the main control point of the system. P P P P P fc pv wt elec Load
Output power variation, solar radiation, fuel cell and wind output power over 24 hours are given in Fig.11, 12 , 13 & 14, respectively. Fig.15 and 16 display the hydrogen produced by the electrolyzer and used by the fuel cell. 1. Dynamic system study: In this part, the dynamic modes and system's response to instantaneous and steeper changes in the wind turbine and load are reviewed. As seen in the following figure, active and reactive power of load and wind change at 3-5s and 2-7s, respectively. From the fifth second till the seventh, power generated by the wind turbine and photovoltaic panel is more than the load demand. Therefore, fuel cell power production is zero at this time and surplus energy is used by the electrolyzer to generate hydrogen and store it in tanks (Fig. 22) . Fuel cell and photovoltaic generation are injected to the inverter. The inverter output power is given in Fig.24 . The innovations and developments from the very fast growing market for grid-connected PV technology can be applied in systems with a power range from 3kW to 100kW or more, and it can easily be designed, installed and operated with standard components. Since the focus of this paper was a hybrid system with renewable energy sources, Economic evaluation shows that performance has been significantly improved by the hybrid system and according to investigation hybrid systems are more efficient than using PV panels or a wind turbine alone in a system can be most important advantage of this work.
